In this paper, a new time-domain (TD) three-dimensional (3D) dyadic diffraction coefficient is presented for UWB signals with arbitrary polarization. Simulation results are presented for diffraction through building scenario which covers single and double diffraction. An excellent agreement of the presented TD solution with the inverse fast Fourier transform (IFFT) of the corresponding exact frequency-domain (FD) solution confirms the accuracy of the proposed solution. The proposed TD solution can be used to analyze multiple diffractions for arbitrary polarized signal with oblique incidence.
Introduction
Ultra wideband (UWB) technology communicates with signals with either a large relative bandwidth (larger than 20%), or a large absolute bandwidth (>500 MHz) [1] . Because of this unprecedented bandwidth, the spectrum of transmitted UWB signal is significantly changed during propagation because of the frequencydependent propagation loss [2] . This results in UWB pulse shape distortion in time-domain (TD) [3] that brings challenges in channel modeling and receiver (Rx) design in UWB system [4] . It is computationally more efficient to study this UWB distortion directly in TD rather than taking the inverse fast Fourier transform (IFFT) of each single frequency sample [5] [6] .
Diffraction of UWB signals plays a critical role in modeling of UWB indoor propagation channel [7] . In a fully three-dimensional (3D) scenario, the field may be obliquely incident and arbitrary polarized (combination of parallel and perpendicular polarizations) and it becomes necessary to use 3D dyadic diffraction coefficient [8] instead of normal two-dimensional (2D) diffraction coefficient for the path loss prediction. In [9] , a solution for 3D dielectric slab scattering was developed that was based on modification of uniform theory of diffraction (UTD) solution for a half plane. In [10] , frequency-domain (FD) solution for 3D dyadic diffraction coefficient was developed for UWB signals with arbitrary polarization.
In this work, a TD 3D dyadic diffraction coefficient is presented for UWB signals with arbitrary polarization. TD slope diffraction terms are considered for multiple-diffraction scenario. Propagation through a single building has been analyzed which covers the propagations like single diffraction, double diffraction and grazing incidence. A good agreement between the presented TD and the corresponding IFFT-FD [11] [12] methods confirms the accuracy of presented TD solution. Fig. 1 shows diffraction through a single building. The parameters , and are the heights of the transmitter (Tx), Rx and building respectively. Parameters and are the distances of the building from Tx and Rx with as the width of the building and as the propagation distances. The considered scenario covers single and double diffraction with grazing incidence (i.e. incident angle at second wedge is [13] ). In the next section, TD formulations are presented for 3D dyadic diffraction coefficient and the received electric field.
Propagation Scenarios

TD formulations
The diffracted field at Rx consists of amplitude diffracted and slope diffracted terms [10, 13] . For Fig. 1 , the parallel and perpendicular components of the double diffracted field at Rx are expressed as [10] 
where the superscript rad denotes amplitude diffracted field at Rx with subscripts and representing soft (parallel) and hard (perpendicular) polarizations respectively. Parameter is the wave number given by , where is the angular frequency and is the speed of light. , are the single edge diffracted field components at point R. The details of two matrix on right side in (1) can be found in [8, 10, 14] . The components of the slope diffracted field at Rx for Fig. 1 (2) where the superscript rsd denotes slope diffracted field at Rx with
with ' and as the incident and diffracted angles respectively. Now the corresponding TD formulations for (1) are given as 
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where r t , r t are the TD Fresnel reflection coefficients for parallel and perpendicular polarizations respectively [15] and the details of can be found out in [16] . The TD formulations corresponding to (2) are given as [16] r r A r r r r (14) The TD terms and in (11) and (12) 
Results and Discussion
Both components (parallel and perpendicular polarized) of the output field at Rx are analyzed and the accuracy of presented TD results is confirmed by comparison with the numerical IFFT of the corresponding exact FD results. Throughout our work the Gaussian doublet pulse is used as the excitation UWB signal [18] .
First, single diffracted field at Rx (following path P-R-S in Fig. 1 ) is shown in Fig. 2 with dry concrete [5] used as the lossy material. It can be seen here that for both parallel and perpendicular components, TD results exactly match with corresponding IFFT-FD results thus confirming the accuracy of our formulations. Diffracted pulse shows distortion in shape which is because of stronger frequency dependence of diffraction coefficient [7] . Also it is observed that the amplitude of parallel polarized component is higher than that of perpendicular polarized component. Fig. 3 shows single diffracted field for Fig. 1 , for different Rx positions. It is observed that with changing Rx position along y direction, the field attenuation gets slightly changed. This is because of the corresponding very slight variation in the magnitude of transfer function (channel response) with different Rx positions. Fig. 4 and Fig. 5 shows double diffracted field at Rx for and respectively. It is clearly observed that double diffracted field shows larger attenuation and distortion in comparison to single diffracted field. This is because of stronger frequency dependence of double diffraction propagation. Here also, TD and IFFT-FD results are in good agreement, thus confirming the accuracy of proposed TD solution.
Considering the excellent agreement between proposed TD and corresponding IFFT-FD solution, it can be said that the presented TD solution is significant in computing the diffracted field for UWB pulse with arbitrary polarization.
Conclusion
TD solution is presented for diffraction of arbitrary polarized UWB signal through a lossy building structure. TD formulations are presented for amplitude diffraction and higher order slope diffraction terms. The excellent agreement between the proposed TD and corresponding IFFT-FD results validates the accuracy of the presented TD solution. The diffracted field shows attenuation and also distortion in shape due to frequency selective nature of channel. Considering the advantages of TD method, the presented TD solution proves significant in predicting the diffracted field for diffraction of arbitrary polarized incident wave from lossy obstacles. Fig. 2 . Single diffracted field through building structure, with dry concrete [5] . , with dry concrete [5] . Fig. 5 . Double diffracted field through the building structure with , with dry concrete [5] .
